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Abstract
Optomagnonics and optomechanics have various applications ranging from tunable light sources
to optical manipulation for quantum information science. Here, we propose a hybrid system with
the interaction between phonon and magnon which could be tuned by the electromagnetic field
based on the radiation pressure and magneto-optical effect. The self energy of the magnon and
phonon induced by the electromagnetic field and the influence of the thermal noise are studied.
Moreover, the topological features of the hybrid system is illustrated with resort to the dynamical
encircling with the exceptional points, and the chiral characteristics under these encirclements are
found.
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I. INTRODUCTION
Optomechanics [1–11] and optomagnonics [12–23] are both hybrid optical interaction
which could be achieved on the microresonator system. Efficient and low-noise optome-
chanics has many applications in classical and quantum photonics, such as squeezed light
generation [24–28], mass and force sensing [29–32], optical manipulation [33–37], and so on.
Moreover, optomechanics also provides us a platform to study the basic tasks of quantum
information processing [38–41]. On the other hand, the magnon is the quantized magne-
tization excitation in magnetic materials [42–44] and optomagnonics describes the inter-
action between photon and the magnon through the magnetic dipole interaction. It have
been emerged recently to achieving the coherent information processing based on the op-
tomagnonics [45–47]. Due to the characters of long lifetime [47–49], the magnon is a good
candidate for information storage.
The first description of the optomechanical effect can be traced back to 1619, Johannes
Kepler put forward the concept of radiation pressure to explain the observation that a tail
of a comet always points away from the Sun. With the development of the microfabrication
technology, various schemes based on the microresonator optomechanical system have been
theoretically proposed and experimentally achieved with the increment of the cavity quality
factor and the decrement of the scale [50–52]. The most famous study of magneto-optical
(MO) effects [53] is the Faraday effect [54, 55] which has been utilized in discrete optical
device applications [56, 57]. Based on the MO effect, magnons can be generated and probed
under the process of optical pumping [58, 59]. Most recently, the optical-magnetic interaction
has been experimentally achieved with the magnetic insulator yttrium iron garnet(YIG)
doped micro-sphere cavity in the c band [14]. In this experiment, the magnon-phonon
coupling strength can reach 100 kHz level in the cavity with the quality-factor (Q-factor) of
106.
In this paper, we consider a high-quality YIG doped micro-sphere cavity with both op-
tomechaical and optomagnetical properties. Here we assume the electromagnetic field works
in the whispering-gallery mode(WGM), and the transverse-magnetic (TM) and transverse-
electric (TE) modes have slightly frequency detuning as there is a slight difference in their
effective refractive index [60]. With the independently tunable frequency, the TE and TM
modes play different roles in our system. We find that the electromagnetic field can add
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the self-energy component onto the magnon and phonon, and even bridge the interaction
between phonon and magnon. Also the chiral topological characteristics are studied.
This article is structured as follows: In section II, we give the linearized Hamiltonian
and the coupling equations in the frequency domain. Based on these equations, we obtain
the self-energy and the medicated interaction in section IIIA. In section IIIB, we describe
a method to manipulate the thermal environment of the magnon and phonon. In section
IVA, the eigen-energy of the magnon-phonon hybrid system are given, and we find the
Riemann surface style energy scheme under the input field medicating. To further study the
topological feature, we show the dynamic adiabatic evolution of this system in section IVB.
II. SYSTEM HAMILTONIAN
As shown in Fig.1, the system under consideration is a YIG doped micro-sphere cav-
ity. With the YIG doping, the electromagnetic field interacts with the magnetic resonator
which provides phonton-magnon interaction. The glass sphere has its intrinsic mechanical
frequency, which indicates that the intracavity field can drive the phonon-photon interac-
tion. The effective Hamiltonian under the non-depletion approximation and linearization
have the form (The detail deduction can be found in A )
H = ωbbˆ
†bˆ+ ωmmˆ
†mˆ+ ωrrˆ
†rˆ +Gabˆ
†mˆ+G∗abˆmˆ
† +Gb(bˆ
† + bˆ)zˆ, (1)
where Ga = gm < a >= gm
√
2κa,1ain/(−i(ωL − ωa) + κa) is the effective magnon-photon
coupling strength, while Gb = gb < b >= gb
√
2κb,1bin/(−i(ωpu − ωb) + κb) is the effective
phonon-photon coupling strength. ωa(ωb) is the frequency of the TM(TE) mode, ωm is
the magnetic frequency and ωr is the frequency of the phonon. The j
†(j) (j = a, b,m, r)
is the creation (annihilation) operator of the related mode (TM mode photon, TE mode
photon, magnon and phonon). gm describes the interaction strength between the photon and
magnon, and gb describes the interaction strength between photon and phonon. zˆ = rˆ
† + rˆ
is the displacement operator of the phonon. Based on the Hamiltonian, we can get the
coupling equation on the frequency domain as (B)
χ−1b [ω]b[ω] = −iGbz[ω]− iGam[ω], (2a)
χ−1r [ω]r[ω] = −i(G∗bb[ω] +Gbb∗[−ω]) +
√
γrηr[ω], (2b)
χ−1m [ω]m[ω] = −iGab[ω] +
√
γmηm[ω]. (2c)
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FIG. 1. (color online)The structure of the studied system in this article. Fig.(a) shows the consist
objects of this system, a glass ball doped with YIG have the mechanical mode. A fiber taper
coupled the pumped field with the magnon-phonton-phonon system. In Fig.(b) the interaction
scheme is shown. Through the phonon-photon and the magnon-photon interaction. The Magnon
and phonon system were bridged. The red and blue arrows show represent the TE and TM pumping
respectively.
The χ[ω] = (γ/2− i(ω − ωj)), j = b, r,m is the intrinsic susceptibility of its corresponding
degree of freedom.
III. THE OPTICAL MODULATION OF PHONON AND MAGNON INTERAC-
TION
A. The mediated self-energy and interaction strength
The case of optically medicated mechanical resonator has been studied previously [33]. In
order to investigate the self-energy of the magnon and the mediated interaction, we eliminate
the electromagnetic part b[ω] of the system and solve the self-energy part of the system. And
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we neglect the effective interaction terms between the phonon and magneton,
(χ−1m [ω] + iΣmm[ω])m[ω] =
√
γmηm[ω], (3a)
(χ−1r [ω] + iΣrr[ω])z[ω] =
√
γrηr[ω], (3b)
where Σrr[ω] = −i|Gb|2(χb[ω] − χ∗b [−ω]) denotes the optomechanical self-energy. Simi-
larly, Σmm[ω] = −iG2aχb[ω] is defined as the self-energy of the magnon. This self-energy
represents the contribution of the optomagnonics to the magnonical resonance frequency
δωi = Re(Σmm[ωi]) and damping δγi = Im(Σmm[ωi]), i = m, r. Here Ga is mediated by the
TM pumping field and χc can be controlled by the detuning ∆b of the TE optical pump
field.
To study the relationship between the frequency detuning and self-energy, we assume
that the TE mode is pumped with the frequency ωL = ωb and the magnon resonant with
the phonon (ωr = ωm). By selecting the proper Q-factor, we have the relation γm =
γr = κa = κb = γ. Suppose both the TE and TM modes are under the critical coupling
condition as κi,1 = κi/2(i = a, b) with the pumping field. Besides, we take aingm = bingb
to ensure Ga is comparable with Gb. Here we set ωr = 0.4γ, then the mechanical mode is
working on the unresolved-sideband regime. To intuitively show the influence of the pump
field frequency on the self-energy, we plot the medicated frequency and damping in Fig.2.
Compared with the self energy of the mechanical resonator shown in Fig.2(a) [33], the self
energy of the magnon is different. In Fig.2(b), we plot the monochrome pumped condition
(The TM pump frequency is equal to TE pump frequency). It shows the difference of self
energy between the magnon and mechanical resonator, both the medicated frequency and
the damping of the magnon can be positive and negative valued. In general, the positive
and negative frequency detune corresponds to the blue and red shift of the resonator, while
for the damping term, the positive and negative mean the resonator work in the gain or
dissipative region. So it is shift and damping features tunable for magnon but not for the
mechanical resonator. In order to further study the characteristics of the self-energy of
the magnon. We plot the 3D-graph to show the influence of the frequency of the TE and
TM field. Fig.2(c) shows the frequency shift of the magnon, while in Fig.2(d) we show the
dissipation’s variation under different TE and TM pump detuning. As shown in these two
figures, the action of the frequency shift and damping change are not synchronization. In
this sense, we can independently control the frequency and damping.
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FIG. 2. The strength of the self energy as a function of detune. In (a) and (b) we plot the frequency
and the damping shift under different monochromatic driving, while in (c) and (d) we respectively
plot the frequency and the damping shift of the magnon when the system is driven with different
frequency on TM and TE mode. Here the detuning-∆ is plot in the step of decay γ. The amplitude
of the frequency and the damping shift have a unit of (giaiκ)
2. Here (a) shows the frequency and
damping shift of the mechanical resonator. As symbol in the figure, the red solid line corresponding
toe the frequency shift while the blue dash line shows the damping modulation. The figure (b)
shows the same subjects of the magnon’s.
The self-energy term shows the interaction between the resonators and the optical field,
while the interaction terms provides the interface of the magnon and phonon. To study its
influence, we rewrite the Eq.3 with the consideration of the medicated interaction
(χ−1m [ω] + iΣmm[ω])m[ω] =
√
γmηm[ω]− iΣmr[ω]z[ω], (4a)
(χ−1r [ω] + iΣrr[ω])z[ω] =
√
γrηr[ω]− iΣrm[ω]m[ω] + iΣ∗rm[−ω]m∗[−ω]). (4b)
Here Σmr[ω] = −iGaGbχb[ω] and Σrm[ω] = −iGaG∗bχb[ω] are the medicated interaction
strength. The coupling has different coupling dissipation. Meanwhile, the Ga and Gb can
be medicated by the TE and TM pumping frequency. Then we can control the interaction
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strength by modulate the pump field. In order to simplify the results, we set ωr = ωm,
γm = γr = κa = κb = γ and κj,1 = κj/2(j = a, b). In Fig.3 we respectively plot the strength
FIG. 3. (color online)The real and image part of the medicated coupling strength. We show the
Σmr in (a) and (b), while Σrm in (c) and (d). Here (a) and (c) shows the real part, while (b) and
(d) shows the image part. Here the detuning-∆ is plot in the step of decay γ. The amplitude of
the frequency and the damping shift have a unit of (giaiκ)
2. The subscript ij means the effect of
i to j system.
and phase part of the interaction strength of mechanical resonator to magnon and magnon
to mechanical resonator. In the figure, Fig.3(a) and Fig.3(b) show the strength and phase
of Σmr[ωi] respectively, while the strength and phase of Σrm[ωi] in exhibited in Fig.3(c) and
Fig.3(d). It can be easily find that these two coupling strength have the same strength. We
know that absolute phase of the interaction will not influence the features of the system.
But as shown in Fig.3(b) and Fig.3(d). The coupling phase will be different in most region
of this system. Then there will be a relative phase. From Eq.4, we can also elicit that there
is a phase difference origin from the Gb and G
∗
b term. This relative phase gives us one more
freedom to control the system. Even more the generation of this relative phase is also a
novel feature of this hybrid system.
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B. The transverse electric field transmission
To further describe the magnon-phonon system using the electromagnetic field, we first
give the expression of the electromagnetic field of the TE mode as
b[ω] =
X [ω]Y [ω]X∗[−ω] +X [ω]
1−X [ω]Y [ω]X∗[−ω]Y ∗[−ω]Z[ω], (5a)
X [ω] =(χ−1b [ω] +G
∗
bGb(χr[ω]− χ∗r [−ω])
+G2aχm[ω])
−1,
(5b)
Y [ω] =G2b(χr[ω]− χ∗r[−ω]), (5c)
Z[ω] =− iGb(χr[ω] + χ∗r [−ω])
√
γrηr − iGaχm[ω]√γmηm. (5d)
In these equations, the effective photon-magnon input term Z[ω] is affected by the environ-
ment of the magnentic and mechanical resonator which is described by the expression of the
electromagnetic field b[ω] as shown in Eq.5. Here we take the thermal noise environment as
an example to study the feature of this system. The magnetic and mechanical mode of the
resonator has the quality factor Qr = Qm ∼ 1×103. Consider the stochastic and incoherent
feature, we assume that
SZ [ω] = δr,mZ
∗[ω1]Z[ω]. (6)
The thermal noise spectrum is kBT/ω which could be set as a constant as the change of the
frequency (|ωr−ωm|) is neglectable when compared with the frequency we studied (ωr, ωm).
The thermal noise is set as the unit value as the effect of the noise exists on the whole
system. Here the two terms aingm and bingr are chosen as a whole part. Consider that
aingm ∼ bingr ∼ 1 THz and gm ∼ 100Hz [14], gm ∼ 5000Hz [33] and the wavelength
is around 1550nm, we can calculate that the TM mode pumping power Pm ∼ 20 mW
while the TE pumping power is Pr ∼ 7.9µ W. And the damping rate of this system are
set as κa = κb = κm = κr = 20MHz. The magnon and photon have the frequency of
ωm = 1Gz − 150MHz and ωr = 1Gz+150MHz.
As the intrinsic susceptibility of the system is sensitive to the frequency, the thermal
noise will drive this system effectively on the resonant condition. In this structure, both
the pump frequency and the pump power of the electromagnetic field can be modulated,
and even the TE and TM field. We further study the system by using the optical spectrum
under the influence of the thermal noise in Fig.4. In Fig.4(a), we plot the effective pumping
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FIG. 4. Power spectral density (arbitrary units) of the heterodyne signal. (a)(b) (c)TE and
(d)(e)(f)TM as a function of measurement frequency (horizontal axis) and detuning between the
incident laser and the cavity resonance (vertical axis). The date in (a) and (d) shows the low
effective input power aingm = bingr = 0.6 THz, this power is aingm = bingr = 3.6 THz in figure
(b),(c),(e)and (f). In figure (a) and (b) The TM detune is set as ∆m = 0Hz while in (c)∆m =
−3MHz. In figure (d) and (e) The TE detune is set as ∆m = 0Hz while in (f)∆m = −3MHz.
aingm = bingr = 0.6THz, while we set the detuning of the TM pumping field is zero(∆m = 0).
The thermal noise can be observed in the frequency domain of the TE mode. In this figure,
the maximal value of the electromagnetic field corresponds to the condition that the thermal
noise resonant with the phonon-magnon system, then the effective frequency of the phonon-
magnon hybrid resonator could be readout. While in Fig.4(d), we show the influence of TM
detuning on the spectrum.
By increasing the pumping power, the optically-medicated effect becomes obvious. The
electromagnetic field works as an optical spring in this condition which connects the phonon
and magnon system by producing an effective coupling between them. In order to discuss
9
this strong pumping region, we enlarge this effective driving strength to aingm = bingr =
3.6× 1012Hz. Fig.4(b)(c) show the influence of the TE pump detuning. In Fig.4(b) the TM
detuning is set as ∆m = 0Hz, while it is ∆m = −3MHz in Fig.4(c). Three bands could be
observed in this system, the magnon band, the phonon band and the optical spring band.
The left band corresponds to the magnon mode and there is an obvious frequency shift in the
magnon mode. The magnon mode disappears when the detune is bigger than −10MHz. It
means that the magnon mode becomes a dark mode. The interaction between the magnon
mode and the optical field disappears while it interferes with the optical and mechanical
hybrid interaction. In Fig.4(c), we can find that the third band obviously changes with a
slight detuning of TM mode. We can conclude that the right band can be connected with
the optical spring effect.
The influence of TM detuning is shown in Fig.4(e)(f). We can find the third band only
can be found in the zero detuning region. In these two figures, the magnon mode is weaker
than the phonon mode, and it comes from the relative coupling phase of the magnon-photon
to phonon-photon. And we can find both in (e) and (f), the dark magnon state appears
when the pumping detune is bigger than −10MHz. And when the TM detuning is large
enough, the effective frequency shift is not so obvious. It can be explained as when the
detune is strong, the magnon is decoupled from this system, then the mognon mode could
not be found in the optical field. Different from Fig.4(e) with ∆r = 0, Fig.4 (f) is plotted
under the detuning ∆r = −3MHz. We can find that this two optical spectrum are identical.
The TE detuning only influence the absolute intensity of the field in the plotted region.
IV. THE TOPOLOGICAL FEATURES OF THE HYBRID PHONON-MAGNON
SYSTEM
A. Topological energy with exceptional points
We consider the system combines the magnon and phonon as a closed system which
include an optical pumping. For simplicity, we study the mechanical mode in the phonon
mode but not displacement momentum operator. The reduced Hamiltonian can be write as
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(The detailed derivation can be find in C ),
H =


ωr − iκr2 0
0 ωm − iκm2

 − i


|Gb|2[χb[ωm]− χ∗b [−ωm]] G∗aGbχb[ωm]
GaGbχb[ωm] G
2
aχb[ωm]

 . (7)
With the exact diagonalization of the Hamiltonian, two eigenenergies are shown as a function
of pumping power and detuning of the TE field in Fig5. This system will possess the
exceptional points(EPs) if the system which is tuned at 16|Ga|2G2bχ2b + (2|Gb|2(χ∗b − χb) +
2G2aGb + κm − κr + 2i(ωm − ωr))2 = 0. To achieve the equality condition, both the real
and image part should be controlled. Fortunately, Ga and Gb are both pumping frequency
and strength dependent, while χb can also be controlled by the TE pumping frequency.
To simplify this study, we set the TM detuning equal to the TE detuning, even more, the
effective pumping rate are set as equal values.
FIG. 5. (color online) Then energy scheme of this hybrid system. Figure (a) show the real part (b)
is the image part.Here the Pin = aingm = bingr is the effective input strength, while the ∆ is the
frequency detune of the TE mode. The TM mode detune is set as −3MHz. We use ∆ to symbol
Deltab-the TE detune. Here the cavity, magnon and phonon dissipation is 20MHz. The magnon
has the frequency of 1GHz − 16MHz, while it is 1GHz + 16MHz for the phonon.
In Fig.5, we show the real and imaginary part of the eigenenergy of the medicated Hamil-
tonian in Eq.7. And we take the parameters shown in last section, except that the magnon
frequency is 984MHz, while the phonon has frequency 1016MHz. Even more, we fix the
value of the TM detuning as ∆a = −3MHz. The input field could be written as the effective
form Pin = ain×gm = bin×gr. For the eigenfrequency, we plot its shift from 1GHz. Here the
EPs are obviously in this figure. The two eigenenergy surface of the two super-mode form
a Riemann surface, this gives the system a topological feature when the optical pumping
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encircling with differer direction of the surface. As shown in Fig.5(b), we find the dissipation
can be negatively valued. This means the optical field can work as a gain medium, while
the gain energy comes from the pumping field.
B. Topological encircling and state evaluation
In order to further study the topological features of this system, we encircling this system
under different directions on the Riemann surface. We make this system encircling in a close
path, and study the difference when the EPs are included and exclusive in this circle. Take
Fig.5 as a reference, we choose the encircling center point as Pin = 0.87THz, ∆ = −5.5MHz
and Pin = 0.87THz, ∆ = −4.5MHz. Here the Pin = aingm = bingr is the effective input
power, while ∆ denotes the frequency detuning of the TE mode. The TM mode detuning
is set as −3MHz. Here we set the encircling radius as one unit, while one unit is 0.1THz
(1MHz) for the Pin (∆) axes. Consider the feature of the topological surface, we also need
encircling this system in different directions.
We plot the energy fraction of mode ”a” and ”b” of the studied system when encircling
this system on the Riemann surface. Here mode ”a” corresponds to the red surface of this
system, while ”b” corresponds to the blue part. In these figures, we always use the initial
mode vectors to project the destiny matrix. Here in Fig.6 (a) and (b), we plot the mode
evaluation of the magnon-phonon super-mode when the system encircling with the direction
shown in the figure. Also the red line corresponds to mode ”a” while the blue line denotes
mode ”b”. Here Fig.6(b) and (d) have an additional phase pi to make the mode evaluation
synchronize with Fig.6(b). Here this system is encircling with the period of T = 10ms to
make sure the system adiabatic evaluation for this system has a frequency of GHz.
Here we analyze the phenomenon shown in Fig.6(a) and (b). In these figures, the encir-
cling region does not include the EP points. We can find the mode evolution almost in the
same way. With the adiabatic evaluation, this system shows similar features when encircling
in different direction. The tiny difference comes the system stays in different Riemann sur-
face. Different from the above condition, when we include the EP points in the encircling,
the evolution of this system will be quite different. As shown in Fig.(c)(d), the difference is
that the system will experience an acute oscillation even this system is evolute in a slow way.
After the oscillation, there is a crossover between the two energy levels. It means that there
12
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FIG. 6. Energy fraction under toplogical encircling. In this figure the effective input power encir-
cling center Pin = aingm = bingr = 0.87THz. We use ∆ to symbol ∆b-the TE detune. Here the
encircling center in ∆-axes ∆ = −5.5MHz for figure (a) and (b), while it is −4.5MHz for (c) and
(d). (a) and (b) encircling without EP point while (a) and (b) including in it under this setting.
The TM mode detune is set as −3MHz. The encircling radius is 1 unit. 1 unit is 0.1 THz for the
Pin axes while for the ∆ axes its 1MHz. Here the cavity, magnon and phonon dissipation is 20MHz.
The magnon has the frequency of 1GHz−16MHz, while it is 1GHz+16MHz for the phonon. The
encircling direction is as shown in the figure.
is an energy level variation during the evolution. The EP points are work as phase change
points as the system feels a sudden energy change when encircling. Moreover, the system
is different when it evaluating in different direction. The main differences of the oscillation
are the strength and lasting time. It can be attribute to the EP point with chirality when
encircling as shown in Fig.5.
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V. SUMMARY
In summary, we have theoretically investigated the electromagnetic cavity-mediated
phonon-magnon interaction system and elaborated how to connect the phonon and magnon
mode through the optical medication. As a medium, the electromagnetic field will bring
the self-energy and medicate the interaction between the magnon and phonon. When take
the thermal noise as an example to study the influence of the environment, we find that
the thermal field influences the output of the electromagnetic field. Even more, the magnon
will become a dark state when the detune were small. Base on the coupling equations,
we investigate the topological features of the hybrid system with the Hamiltonian. When
encircling with the EPs on the Riemann energy-surface, the energy level projection shows
different vibration behaviour which indicate the chirality of the system.
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Appendix A: The effective Hamiltonian of this system
We input signals, which include both the TE and TM modes, and suppose the coupling
strength between TM mode and mechanical mode(ga) far less than that of TE mode and
mechanical mode(gb), i.e. ga ≪ gb. In this sense, the Hamiltonian is,
H = ωaaˆ
†aˆ + ωbbˆ
†bˆ+ ωmmˆ
†mˆ+ ωrrˆ
†rˆ + gm(aˆbˆ
†mˆ+ aˆ†bˆmˆ†) + gbbˆ
†bˆ(rˆ† + rˆ), (A1)
where ωa(ωb) is the frequency of the TM(TE) mode, ωm is the magnetic frequency and ωr
is the frequency of the phonon. The j†(j) (j = a, b,m, r) is the creation (annihilation)
operator of corresponding mode(TM mode photon, TE mode photon, magnon and phonon).
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gm is the interaction strength of photon and magnon, and gb is the interaction strength of
photon and phonon. The TM mode is driven by
√
2κa,1ain(aˆe
iωLt + aˆ†e−iωLt). κa,1 is the
coupling damping. ain is the input power and ωL is the TM pumping frequency. With the
non-depletion approximation, the intracavity TM field
〈a〉 =
√
2κa,1ain
−i(ωL − ωa) + κa , (A2)
where the κa is the total damping of the TM mode of the cavity. The 〈a〉 corresponds to the
interaction enhancement of the interaction between the TE-photon and magnon mode. We
write this effective coupling strength as Ga = gm〈a〉. Then the effective Hamiltonian can be
read as
H = ωbbˆ
†bˆ+ ωmmˆ
†mˆ+ ωrrˆ
†rˆ +Gabˆ
†mˆ+G∗abˆmˆ
† + gbˆ†bˆ(rˆ† + rˆ). (A3)
Linear the optomechanical interaction under the strong red-side band pumping
√
2κb,1bin(bˆe
iωput+
bˆ†e−iωput). We rotate the system with the steady TE field b¯. When omit the term which shift
the mechanical resonators equilibrium position and high order perturbation, the effective
Hamiltonian have the form
H = ωbbˆ
†bˆ+ ωmmˆ
†mˆ+ ωrrˆ
†rˆ +Gabˆ
†mˆ+G∗abˆmˆ
† +Gb(bˆ
† + bˆ)zˆ, (A4)
where zˆ = rˆ† + rˆ. The effective coupling strength Gb = b¯gb =
√
2κb,1bin/(κ − i(ωpu − ωb)).
In this Hamiltonian bˆ is the perturbation term of the TE field.
Appendix B: The coupling strength in the frequency domain
In common sense, the room-temperature experiment is firmly in the classical regime
~ωa ≫ kBT , we use a classical analysis. We also disregard all noise on the optical drive,
applying the rotating frame of ωpubˆ
†bˆ, we use ∆r = ωpu−ωb for simplicity. Then the kinetic
equations of this system can be expressed as
b˙ = −(κ
2
− i∆b)b− iGbz − iGam, (B1a)
r˙ = −(γr
2
+ iωr)r − i(G∗bb+Gbb∗) +
√
γrηr, (B1b)
m˙ = −(γm
2
+ iωm)r − iGab+√γmηm. (B1c)
The equation in the frequency domain can be derived with the Fourier transform. Here the
magnon and phonon is bathed with thermal fluctuations, the thermal Langevin force ηi(t)
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is described by 〈ηi(t)〉 = 0 and 〈η∗j (t)ηi(t)〉 = δijδt− t′kBT/~ωi
χ−1b [ω]b[ω] = −iGbz[ω]− iGam[ω], (B2a)
χ−1r [ω]r[ω] = −i(G∗bb[ω] +Gbb∗[−ω]) +
√
γrηr[ω], (B2b)
χ−1m [ω]m[ω] = −iGab[ω] +
√
γmηm[ω]. (B2c)
The χ[ω] = (γ/2 − i(ω − ωj)), j = b, r,m the intrinsic susceptibility of its corresponding
degree of freedom.
Appendix C: The reduced Hamiltonian
With rotating wave approximation for ωr and ωm. Eliminate the electromagnetic freedom.
Eq.4 in the main text can be written as,
χ−1r [ω]r[ω] =− |Gb|2[χb[ω]− χ∗b [−ω]]r[ω]−G∗aGbχb[ω]m[ω], (C1a)
χ−1m [ω]m[ω] =−G2aχb[ω]r[ω]−GaGbχb[ω]r[ω]. (C1b)
As a closed system, we discard the thermal noise term. And it can be achieved by putting
this system in the low temperature environment. In this two mode system we define the
self-energy as
Σ[ω] = −i


|Gb|2[χb[ω]− χ∗b [−ω]] G∗aGbχb[ω]
GaGbχb[ω] G
2
aχb[ω]

 . (C2)
When combine the phonon and magnon as a whole vector s(t) = (r(t), m(t))T . Then the
system can be written in the matrix form,
− iωs[ω] = −


κr
2
+ iωr 0
0 κm
2
+ iωm

 s[ω]− iΣ[ω]s[ω]. (C3)
It is noticeable that Σ[ω] various on the scale of γ. whereas this vector modes are susceptible
to drives only if their is substantially smaller than γ. Therefore, it is sufficient to consider
Σ[ω] ≈ Σ[ωr] ≈ Σ[ωm] ≡ Σ. Then self-energy is frequency independence. So we can easily
move back to the time domain to get the effective schro˝dinger’s equation,
is˙(t) = Hs(t). (C4)
Here the Hamiltonian reads,
H =


ωr − iκr2 0
0 ωm − iκm2

+Σ. (C5)
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